Osteoporosis is a progressive bone disease characterized by low bone mass which is caused by disturbance in the balance between the activities of osteoblasts and osteoclasts. Postmenopausal osteoporosis is one of the most common disorders in women after menopause, which is linked to an estrogen deficiency and characterized by an excessive loss of trabecular bone. Rubus coreanus has been used for their various pharmacological properties in Asia as a traditional medicine. To investigate the effect of unripe fruits of R. coreanus 30% ethanol extract (RCE) on osteoblast-like cells (MG63) differentiation, we examined the effects of RCE on in vitro osteoblastic differentiation markers, alkaline phosphatase (ALP) activity and receptor activator of nuclear factor κ-B ligand (RANKL) and osteoprotegerin (OPG) expression. The high concentration (50 and 100 μg/mL) of RCE markedly increased ALP activity, whereas decreased the RANKL/OPG. We also investigated the effect of RCE on M-CSF plus RANKL-induced differentiation of pre-osteoclast cells (RAW 264.7). RCE treatment remarkably inhibited M-CSF/RANKL-induced formation of osteoclast-like multinuclear cells from RAW 264.7 cells. Moreover, the inhibitory effect of RCE was reduced by selective estrogen receptor-α antagonist. Our research suggests that suggested that unripe fruits of R. coreanus may act beneficial effects on bone mass by regulating both osteoblast and osteoclast.
Introduction
Bone is continuously broken-down and re-formed in a process of turnover known as bone remodeling through the interaction and balance between bone forming cells, called osteoblasts, and bone resorbing cells, called osteoclasts (Karsenty, 2003) . A disturbance in the tight balance between the activities of osteoblasts and osteoclasts causes problems with bone mass such as excessive gain of bone mass (osteopetrosis) and loss of bone mass (osteoporosis). Osteoporosis is a progressive bone disease characterized by low bone mass and deterioration of bone tissue which occurs far more frequently and is a major burden on health-care systems globally (McNamara, 2010) .
The osteoblasts produce, organize, and mineralize various bone matrix proteins including type I collagen, which is the most abundant extracellular bone protein (Aubin and Triffitt, 2002) . The process of osteoblast differentiation and matrix mineralization requires a rise in high enzyme activity of alkaline phosphatase (ALP) and the responses to osteotropic hormones and cytokines. Moreover, in the process of bone formation, the osteoblasts regulate osteoclast differentiation and resorption activity via cell-cell contact, whereby RANKL (receptor activator of nuclear factor κB ligand) binds to its cognate receptor, RANK (receptor activator of nuclear factor κ-B). Osteoprotegerin (OPG) is one of the tumor necrosis factor receptor (TNFR) superfamily members which plays as a decoy receptor for RANKL to inhibit osteoclast differentiation and decrease bone resorption by competing with the binding of RANKL to RANK (Kostenuik and Shalhoub, 2001) . RANKL and OPG synthesized by stromal osteoblasts have been identified as the two principal cytokines of osteoclast differentiation and activation (Kostenuik and Shalhoub, 2001;  postmenopausal women which is linked to an estrogen deficiency. It has been well established that estrogen deficiency causes the overexpression of pro-inflammatory cytokines and increases osteoclast activity provoking bone resorption, which leads to a high bone turnover and bone loss as well (Kearns et al., 2008; Fraser et al., 2011; Wensel et al., 2011) .
Since estrogen deficiency is known to cause bone loss by stimulating osteoclast formation, hormone replacement therapy (HRT) was used in the prevention and treatment of postmenopausal osteoporosis. However, several studies have suggested that long-term estrogen therapy such as 17βestradiol may be associated with the risks of blood clots, biliary disease, breast, and endometrial cancers (Marsden, 2002) .
Therefore, plant-derived estrogenic compounds may be great benefit to postmenopausal women, as they have similar structures with estrogen and/or have the ability to bind to estrogen receptors (Miksicek, 1994) . The estrogen-like activity of these compounds may provide an alternative strategy to replace or augment the HRT to prevent bone loss, avoiding the major side effects seen with HRT (Geller and Kronenberg, 2003) .
R. coreanus (Rosaceae)
is a native species of raspberry from Korea, Japan and China. The dried unripe fruits of R.
coreanus are widely used as traditional medicines for treating spermatorrhea, and enuresis, and have also shown stomachic and tonic actions (Kim et al., 2005) . The various biological effects of R. coreanus include anti-oxidative, anti-fatigue, increasing fertility, improvement of libido, astringent, antiosteoporotic, ophthalmic, anti-diabetic and estrogenic effects (Jung et al., 2007; Kim et al., 2013) . It is well known that R. coreanus contains various bioactive compounds, including phenolic acids, triterpenosides, flavonoids, and ellagitannin (Jang et al., 2011) . It was also reported that plant-derived polyphenol, ellagic acid, one of the bioactive compounds in the fruits of R. coreanus, was significantly higher in unripe fruits than ripe fruits of R. coreanus (Yang et al., 2008) .
Recently, it was found protocatechuic acid, a polyphenolic compound in unripe fruits of R. coreanus which elicits antioxidative and anti-inflammatory effects (Koo et al., 2014b; Lee et al., 2014) . With regard to anti-osteoporotic effects of R. coreanus, there are several reports based on cell line studies, demonstrating that R. coreanus treatment increased the differentiation of osteoblastic cells, MC3T-ET1 (Park et al., 2006) , and accelerated the apoptosis of pro-osteoclastic cells, RAW 264.7 (Lee and Choi, 2006) . The anti-osteoporotic effects of R. coreanus have been shown through studies in vivo, where it elicited protective effects against bone loss in diabetic osteoporosis induced by streptozotocin in ovariectomized rats (Choi et al., 2012) , and recovery effects against trabecular bone loss in OVX-rats in the form of a methanol extract, which could not be clinically applied (Do et al., 2008) . Based on these studies, we previously suggested the optimal ratio for the R. coreanus and A. membranaceus mixture to be 7:3 by weight, as this mixture resulted in the anti-osteoporotic effects in ovariectomy-induced mice (Koo et al., 2013; Koo et al., 2014a) .
In the present study, we aimed to clarify the anti-osteoporotic effects of EtOH extracts of R. coreanus that could be used for clinical studies using both of the two type of cells, osteoblast and osteoclast. We determined the regulatory effects of RCE on osteoblastic differentiation and osteoclast differentiation under the same experimental conditions. Moreover, we sought to define regulatory factors involved in the anti-osteoporotic effects of R. coreanus including ALP activity in osteoblast and RANKL/OPG expression and the association of estrogenic receptor in osteoclast differentiation.
Materials and Methods

Preparation of R. coreanus unripe fruits extract (RCE)
The dried unripe fruits R. coreanus was purchased in April, 2012 from Gyeong-dong Herbal Market (yak-ryong-si, Seoul, Korea). Voucher specimen (KNU-HMR-2013) was deposited in the department of Herbal Medicine Resource at Kangwon National University. Each of the dried fruits (1000 g) was extracted twice with ethanol (30% EtOH) at room temperature and the extract was concentrated under reduced pressure. The concentrate was filtered, lyophilized, and subsequently stored at 4℃. 
Materials and reagents
Analysis of alkaline phosphatase (ALP) activity
Western blot analysis
In vitro osteoclast differentiation
The 
Statistical analysis
Each experiment was repeated at least two times, and the results of one representative experiment are shown. The results were expressed as means ± SEM. Group differences were determined by one-way analysis of variance (ANOVA), followed by modified t-test with the Bonferroni correction for comparisons between individual groups. The significant values are represented by an asterisk (* , # p < 0.05).
Results and Discussion
The present study provides evidence that dried unripe fruit MTT assay. Results demonstrated that RCE did not affect cell viability and was not cytotoxic to both cells at the concentrations used (Fig. 1) .
ALP activity is one of the major osteoblastic differentiation In the present study, we reported that beneficial effect of RCE on the osteoblast differentiation. To elucidate this observation, we hypothesized that the RCE could regulate osteoblast secretion of crucial regulatory factors such as RANKL and OPG (Simonet et al., 1997; Thomas et al., 2001) .
Therefore, we determined protein levels of RANKL and OPG in MG63 cells treated with 25, 50, and 100 ㎍/㎖ RCE. Our results indicate that high concentrations of RCE treatment significant decreased the level of RANKL (Fig. 3) , whereas there was no significant effect on the levels of OPG (Fig. 4) .
As a consequence, the RANKL/OPG ratio was decreased significantly by RCE treatment at higher doses (50 and 100 ㎍/㎖). The differentiation of osteoclast cell precursors is mediated upon the binding of RANKL and RANK, which promotes the activation of mature osteoclasts. Therefore, RANKL is an essential factor for differentiation, activation, and survival of osteoclasts, whereas osteoprotegerin (OPG) is a soluble decoy receptor and inhibitor of RANKL (Aubin and Bonnelye, 2000) . The OPG and RANKL are important regulators of osteoclastogenesis which are produced by osteoblastic cells and the RANKL/OPG ratio could be used to assess and manage patients with severe osteolysis (Horwood et al., 1998; Thomas et al., 2001) . Our results suggest that RCE could inhibit the osteoclastogenesis by regulation of osteoblast function.
Next, we investigated the effect of RCE on M-CSF plus Fig. 3 . Effects of RCE on the expression of RANKL in MG-63 cells. Cells were incubated with RCE (25, 50, and 100 ㎍/㎖) for 4 days and cell lysates were prepared and subjected to Western blot analysis with respective antibodies. These experiments were performed in triplicate, and similar results were obtained. (Fig. 5 ). Under these conditions, the viability of cells was not significantly affected (data not shown).
Therefore, RCE seems to modulate not only the differentiation of osteoblasts, but also of osteoclasts, to maintain bone balance.
Estrogen plays a fundamental role in the growth and maturation of bone as well as in the regulation of bone turnover in adult bone. Estrogen deficiency is associated with a chronic inflammatory status by increasing the local production of various cytokines, free radicals, and growth factors (Kelly, 1996; Riggs et al., 2002) . Proinflammatory cytokines are one critical group of proteins that contribute to the osteoclastogenesis in states of estrogen deficiency. It was reported that estrogen deficiency leads to an up-regulation of IL-1, IL-6, M-CSF, Fig. 5 . Effect of RCE on M-CSF/RANKL-induced differentiation of pre-osteoclast RAW 264.7 cells. RAW 264.7 cells were cultured in 24-well dishes at a density of 1 × 10 4 cells per well and allowed to adhere overnight. To induce osteoclastic differentiation, RAW 264.7 was cultured with M-CSF/RANKL. After 2 days in M-CSF/RANKL media, RCE was added to the cultures and after 4 days in culture, TRAP staining was performed. TRAP-positive multinucleated osteoclasts was detected by microscopy. Fig. 6 . Effects of RCE on the differentiation of osteoclast involved the estrogen receptor (ER)-α. RAW 264.7 cells were cultured in 24-well dishes at a density of 1 × 10 4 cells per well and allowed to adhere overnight. To induce osteoclastic differentiation, RAW 264.7 was cultured with M-CSF/RANKL. After 2 days in M-CSF/RANKL media, RCE and ICI were added to the cultures and after 4 days in culture, TRAP staining was performed. TRAP-positive multinucleated osteoclasts was detected by microscopy. and TNF-α which enhances bone resorption in preosteoclasts.
In particular, TNF-α up-regulates stromal cell productions of RANKL and M-CSF, and augments the responsiveness of osteoclast precursors to RANKL (Hotokezaka et al., 2007) .
In order to investigate whether the inhibitory effects of RCE on the differentiation of osteoclast directly related to the estrogen receptor (ER)-α, we performed M-CSF/RANKLinduced formation of osteoclast-like multinuclear cells from RAW 264.7 cells in the presence of selective ER-α antagonist ICI 182,780 (ICI). Various lines of evidence demonstrated that ICI caused a robust degradation of ER-α (Kansra et al., 2005; Kansra et al., 2010) . In particular, Oliveira et al. (2003) has shown that ICI caused a gradual but dramatic decrease in ER-α expression, but no change in ER-β. As shown in Fig 6, the inhibitory effect of RCE (100 ㎍/㎖) was reduced by ICI (10 nM) treatment. This suggested that ER-α is partially associated with the inhibitory effect of RCE on the osteoclast differentiation.
Our results suggested that unripe fruits of R. coreanus may act beneficial effects on bone mass by regulating both osteoblast and osteoclast. Moreover, it could be promising candidates as a potential preventive agent for post-menopausal osteoporosis.
